
ee SCLC OC eh 

» <4Report 1788 — 

/ 

HYDROMECHANICS 

Oo 

AERODYNAMICS 

O 

STRUCTURAL 
MECHANICS 

O 

APPLIED 
MATHEMATICS 

O 

Fy) 2 
77 

STICS AND 
3RATION 

Kl ay | TO? | 

rrnw=—«1B—648 (Rev 1-64) 

| 16a 

HYDROSTATIC PRESSURE TESTS OF A RING-STIFFENED 

CYLINDER OF OVAL CROSS SECTION 

(MAJOR-TO-MINOR AXIS RATIO OF 1.5) 

by 

William P. Couch eo 

STRUCTURAL MECHANICS LABORATORY 

RESEARCH AND DEVELOPMENT REPORT 

March 1964 Report 1788 





HYDROSTATIC PRESSURE TESTS OF A RING-STIFFENED 

CYLINDER OF OVAL CROSS SECTION 

(MAJOR-TO-MINOR AXIS RATIO QF 1.5) 

by 

William P. Couch 

March 1964 Report 1788 
S-F013 03 02 



TABLE OF CONTENTS 

DESCRIPTION OEM OD EES ie eisai ee sel eine a ate ev So RR Re 

IN SIRRUME NATO NVA D Rss S sun © © EDU RS HS essere eee tee ye eee 

EB SYS} Be 4) Ops) OF Ol ths renee eee tees tern clan eater ace aaaaaeMatenaaaad ssn sacteiccer Besa oer oesor ee eA ecole 

DISCUSSION AND INTERPRETATION OF RESULTS .............ceceecceeceeeeeseeseeseeee 

IBIGRSOW ONE JBI NSENG) IS] OBNEMNV G7, cobacooan cocnonancoR daa sqceedhaaeasensaceeceodedoanpoosooosenaceassebopobaboosEOHhOuS 

Bifect of MussiilelMub ese ce ements. 0) ceee Sets cence, tote OMe Reena HO Ee 

CompanisonyohMeasuredsstres Se S)swilthalih © Ory area esses aee nee eee eee 

ColllapSer Pressures reese tomas yeaa: mu atueied. na dseu ah i seas uaa ae Re Meets eeu tLe Ml heen ta 

CONGIGDUSTON Sie se sao oes ele ce eRe ate uso Du Real Py an iad a era vet Asada 



LIST OF FIGURES 

Bigures ey Detaillsrot Modell bi Cui envsuccstesvccssteuate. best oveeen ee cue sane en emeemucetetecemete ere sae 

Figure 2 — Formation of Models EC-1A and EC-1B from Model EC-1 

Figure 3 — Location of Tubes in Model EC-1A 

Figure 4 — Structural Details of Tubes Incorporated in Model EC-1A................0000+: 

Figure 5 — Instrumentation and Measured Strain Sensitivities for 
Model EC-1 between Stations 6-1/2 and 7 ..........0.00. ice eeeeee etree 

Figure 6 — Instrumentation and Measured Strain Sensitivities for 
End BaysvoliMod elu Gate 2k ie 8 ee ak Re eee Sees 

Figure 7 — Instrumentation and Measured Strain Sensitivities for 

Mockel INC, Biamioms Boil /B BinGl 70 ..cocosacssscoossssosnooneosecoodoreconsossscacpnsevoseseosconc0 

Figure 8 — Instrumentation and Measured Strain Sensitivities for 
Model EC-1B, Frame 3 and Section A-A.............:.ccccccceccceeeeeeeenreteeetenereeseees 

Figure 9 — Instrumentation and Measured Strain Sensitivities for 

Mod C1UK ©C2alB SoBe roma Dies oe thas tetas tster eta ac tay sey a ba eta ease Caan eat Re 

Figure 10 — Instrumentation and Measured Strain Sensitivities for 
Mode] Caner ses MRIS cy SUT ao gee Sh ial les Sg oA Rl a eae 

Figure 11 — Instrumentation and Measured Strain Sensitivities for 
Model EC-1A, Missile Tube Gages ..........0...0..cceceecee ees eeeereseteeeenseeneeneees 

Figure 12 — Model EC-1A Showing Failure of the Missile Tubes .................0... 

Figure 13 — Model EC-1A Showing No Apparent Failure to Frame 
and) Shelll@Strule tur ebsrssry cack eet sale otesebde cea tsenat ven yasetas ainhajutdania dense damanene uacesetse 

IMieqne@ 4b <= Wola)! JO Ca18} BYAWeye: PENT IIWI).coosaccocns0oséeeado20s00deese9on9dpdspaBncoDseacnDeRHNGsAESsHAEeboosBACBAS 

Figure 15 — Comparison of Measured Midbay Stresses on Inside Surface of a 
Quadrant of Shell of Models EC-1 and EC-1B.................c:cccceccceeeeeeeeeeeeenees 

Figure 16 — Comparison of Measured Midbay Stresses on Outside Surface of a 
Quadrant of Shell of Models EC-1 and EC-1B...................ccccccccceeeeeeeeeeeeeeees 

Figure 17 — Stress Distribution on Outside Surface of the 
Shell atcthe Major vAnis cavcvccccsgsecesy:ceze sa sence sodeuuesssuceckcc exec secsutecederceenenn econ 

Figure 18 — Stress Distribution on Inside Surface of the 
Shell atthe: MayorvAKiSi os. cereressescges. usiuos bears oases coer ssenoaan.aoreseeeeeossioae ener cea 

ili 

13 

14 

15 

16 

17 

18 

19 

19 

20 

21 

21 

22 

23 



Figure 19 — Stress Distribution on Outside Surface of the 
SUNIL HE UNS) WANTS ZAGAT Sip coocoosecusoncsooabodcosoqnaAsodnnagosedaccnbaDboadssedsovonodsgassvovooceGcu0 

Figure 20 — Stress Distribution on Inside Surface of the 
SFT NCES YB NOTE! /A\54 Sconce opeduoednvadeishoosoqsaqonecseepsesnece¢aa9osos¢anavuoss506090050n00000009000 

Figure 21 — Midbay Stress Distribution on Outside Surface of a 
Mache OF SIS coseccos00 ancaso0ode0asasse000ses9002esea9acesso0s0scse0opss9D¢bgononnaganoUaGeaqDINBNAR0 

Figure 22 — Midbay Stress Distribution on Inside Surface of a 
CONEOIETNBIONE tel NIU sascaqaoe secsbostisaccecsactodoouccodeaascouuaedsboece6odu9¢edae-ocendoabodocvaasachpopoead: 

Figure 23 — Cireumferential Flange Stress for a Quadrant of Frame 7...................-. 

Figure 24 — Axial Membrane and Bending Stresses at the Major Axis ...........005 

Figure 25 — Axial Membrane and Bending Stresses at the Minor Axis «0.0.0.0... 

Figure 26 — Axial Membrane and Bending Stresses at Midbay...............c ee 

LIST OF TABLES 

Table 1 — Comparison of Measured Stresses to Show Influence of 
JAN N@EG. STEVENS ococsoscsesoocosscoss0eceosooabes 00900300 os pasHoaboordaAREdotodEaoDEBBcaDEenECeNouuECoAGeoNS 

Table 2 — Comparison of Measured Stresses to Show Influence of 
I IRSISITI@. TETSOS) .nosecascsaocovs50n060 co 5asd0eudccconaanzonedacoboobapbapacsdcondeadasbuacuodsutaanadanadesoqonas0a9 

1V 

31 

31 



ABSTRACT 

Test results of a ring-stiffened oval cylinder indicate that the use of the 

local radius of curvature and dimensions of the oval cylinder in a solution for a 

ring-stiffened circular cylinder will not yield good predictions for the deformations 

and stresses. 

Based on the collapse strength of the models tested, it appears that an 

oval cylinder designed for deep-depth operation is a very inefficient structure 

compared to a circular ring-stiffened cylinder of the same weight-displacement 

ratio. 

Test results are compared with results obtained from a theoretical 

solution recently developed at Polytechnic Institute of Brooklyn for a ring- 

reinforced oval cylinder. The theory treats the case of a shell with uniform 

thickness; the model, however, was composed of two different shell thick- 

nesses. The theoretical results obtained by using the local shell thickness 

of the test cylinder in the computation showed good agreement with test re- 

sults for all circumferential stresses and for the axial bending stresses; 

the lack of agreement for the axial membrane stresses is attributed to 

using the local shell thickness in the calculations from a theory which is 

based on constant thickness. 

The critical stresses were found to be much higher for the ring- 

stiffened oval cylinder tested, than for those of an equivalent circular 

cylinder based on the same radius of curvature. It was also found that 

tubes or struts placed parallel to the minor axis of the oval cross section 

appreciably reduced the magnitude of the critical stresses. 

INTRODUCTION 

The structural research program of the David Taylor Model Basin includes investigations 

of new and untried pressure-hull configurations.! A ring-stiffened oval cylinder, for example, 

may possibly lend itself to a better arrangement of cargo, equipment, machinery, and personnel 

and accommodate more missile tubes than will conventional structures. Accordingly, a model 

of such a pressure hull was tested at the Model Basin to compare its structural response and 

efficiency with that of a ring-stiffened circular cylinder. The test results have provided aid 

in evaluating the theoretical analysis recently developed at Polytechnic Institute of Brooklyn; 

in addition, they will assist in guiding future structural research on noncircular pressure hulls. 

Ipeferences are listed on page 9. 



Later tests with the ring-stiffened oval cylinder incorporated tubes parallel to the minor 

axis of the oval cross section to determine the effects of this type of structural discontinuity 

on the overall strength of the structure. 

THEORETICAL DEVELOPMENT 

The experimental studies conducted at the Model Basin are closely related to the ana- 

lytical efforts at Polytechnic Institute of Brooklyn. These latter studies presently constitute 

a major part of the overall program on transverse strength of submarine structures which is 

being sponsored jointly by the Office of Naval Research (Code 439) and the Bureau of Ships 

(Code 442) at that Institute. A number of publications have already appeared which present 

the findings of the Polytechnic studies; Kempner” summarizes the results through 1961. It is 

of interest here to note the more significant results so that structural designers can better 

understand and appreciate the difference in behavior between circular and noncircular cylin- 

drical pressure hulls. 

The first problem amenable to mathematical solution, and one which could provide an 

insight into the mechanism of deformation of noncircular cylindrical pressure hulls, was that 

of the simply supported oval cylinder. The analysis developed by Romano and Kempner? 

indicated that for this case, the use of the local radius of curvature of the oval cross section 

in the well-known and proven formulas for circular cylinders* gives very good agreement in the 

stresses and deformations with the ‘‘exact’’ Fourier series solution developed in Reference 3. 

The results of the analysis of the simply supported oval shell also showed that even with a 

small eccentricity (ovality), the stresses in an oval shell differ significantly from those in a 

circular shell of equal length and weight. 

The next logical step in the development of adequate theory for the realistic interaction 

problem in the case of an oval cylinder stiffened with ring frames possessing finite elastic 

stiffness properties was to investigate the problem of the clamped oval shell. Vafakos, 

Romano, and Kempner have developed such an analysis,° and their results indicate that the 

stresses in an oval shell differ significantly from those in an axisymmetric circular shell of 

equal length and weight. Just as in the case of the simply supported shell, these investigators 

found that a simple equivalent circular cylinder solution based on the local radius of curvature 

concept yields good results for the deformations and stresses in a clamped oval shell. The 

maximum stress was shown to be an axial stress due principally to bending; it occurred at 

those points of the clamped edges which had the least curvature. 

The analysis for the ring-stiffened oval cylinder was obtained by the Polytechnic 

group by coupling the equation® for the noncircular shell of arbitrary edge conditions with 

expressions for the displacements and stresses in the oval ring® which is subjected to the 

interaction load between the ring and shell. 

In contrast to the simple analogy of the equivalent circular cylinder using the local 

radius of curvature concept for the simply supported and clamped oval shells of short length, 



no such simple solution can be hoped for in the case of the cylinder stiffened by elastic rings. 

The reason for this is that the deformation mechanism is one in which the transverse displace- 

ments are radially outward in the region of the major axis and radially inward in the region of 

the minor axis with respect to the initial undeformed cross section. The elastic-ring analysis 

indicates such behavior, and it is the development of extreme circumferential bending varying 

around the periphery which precludes the use of the equivalent cylinder with local radius of 

curvature concept to predict the deformations and stresses. This is contrary to the cases of 

the simply supported and clamped oval shells of very short length analysed at Brooklyn Poly- 

technic Institute in which the transverse displacements are all radially inward around the 

periphery of the oval cross section. 

The analytical results indicate that whereas the area of the stiffening rings plays the 

dominant role in the shell deformations of a stiffened circular cylinder, the inertia of the ring 

cross section is of paramount importance in the deformation of a stiffened oval cylinder. This 

is due to the fact that the axisymmetric nature of the circular cylinder problem precludes the 

development of tangential (v) displacements whereas the tangential displacements are very 

important in the oval cylinder problem. These displacements arise as a consequence of a 

shear flow which develops along the oval periphery to maintain overall equilibrium of the 

forces. Due to symmetry considerations, this ‘‘running shear’’ is zero at the two extremes of 

each of the major and minor axes of the oval cross section. This brings up an important 

problem with regard to the location of the stiffening rings, i.e., whether they are located on 

the outside or on the inside surface of the noncircular shell will determine the nature of the 

bending moments caused by the shear flow and the fact that the shell and frame median lines 

are not truly coincident. This ‘‘eccentricity’’ between the shell and frame median lines will 

determine the magnitude and sense of the circumferential bending moments and their effect on 

further distortion of the noncircular shape. 

To assist in checking out the analysis developed by the Polytechnic group, the Model 

Basin provided data’ obtained from the initial test of the model presented in this report. 

Comparison of the theory and Model Basin tests, reported by the Polytechnic group, is given 

in Reference 8. 

Many of the figures shown in this report have been taken from Reference 8. 

DESCRIPTION OF MODELS 

Model EKC-1 is an internally stiffened cylinder with a quasi-elliptical cross section. 

Two radii were used to develop the oval cross section of the model as shown in Figure 1. 

The shell of the model was fabricated in four strakes of HY-100 steel plating with the dia- 

metrical strakes having the same thickness and radius. The yield strength of the thicker 

shell plating was 96,000 psi and that of the thinner shell plating was 102,000 psi. The model 

was stiffened with transverse T-frames also fabricated from HY-100 steel plating. Heavier 

frames were placed at the two ends of the model to preclude premature failure near the rigid 

closure bulkheads. 



Upon completion of preliminary tests to obtain elastic strain data, the original model 

which was not taken to failure was cut in half, as shown in Figure 2. Frame 7 was removed 

and the two halves were designated Model EC-1A and Model FC-1B. 

Model EC-1A was modified to study the influence of missile tubes in an oval cylinder. 

Three tubes were incorporated and aligned in a transverse plane at midlength of the model, 

as shown in Figure 3. Based on the outside diameter at the minor axis of the oval cylinder, 

the tubes were designed to be geometrically similar to the missile tubes of FBM submarines; 

see Figure 4. The tubes were machined from HY-80 forged steel tubing heat-treated to a yield 

strength of 100,000 psi. 

Model EC-1B was used as a control cylinder for EC-1A and also to provide information 

concerning the influence of reducing the overall length between rigid bulkheads. No missile 

tubes were inserted in Model EC-1B. 

INSTRUMENTATION AND TEST PROCEDURES 

The models were instrumented with foil-type electrical resistance strain gages to 

study the elastic behavior of the structures and to facilitate interpretation of the collapse 

pressures. One- and two-element strain gages were used in the instrumentation of the models 

except in the region near the penetration of Model EC-1A; there, three-element gages were 

used to determine the direction and magnitude of the principal stresses. Figures 5 to 11 

show the location of the strain gages and the strain sensitivity measured by the respective 

gages. 

All three models were tested using oil as the pressurizing medium. Each model was 

tested in two pressure runs. The maximum pressure of each run was as follows: 

Strain measurements were taken during each of the pressure runs. 

TEST RESULTS 

Model EC-1 was tested only to obtain elastic strain data. Strain-sensitivity factors 

determined for each strain gage on this model are given in Figures 5, 6, and 7. The factors 

are the slope of the linear portion of the pressure-strain curve and are measured in microinches 

per inch per pound per square inch of pressure. The slope was found for each of the two 

pressure runs, and an average value was determined for each gage. 



As shown in Figure 12, Model EC-1A sustained a pressure of 1650 psi prior to failure 

of the missile tubes. There was no visible damage to either the shell or frames as can be 

seen in Figure 13, which indicates that the tubes were not adequately designed to withstand 

the loads imposed upon them by the oval shell. 

Model EC-1B, a model of the same length as EC-1A but without missile tubes, failed 

at a pressure of 1670 psi. Failure appeared to be attributed to a tendency of the oval cross 

section to ‘‘flatten out’’; see Figure 14. 

Strain-sensitivity factors for each gage on Models EC-1A and EC-1B are given in 

Figures 8 to 11. 

DISCUSSION AND INTERPRETATION OF RESULTS 

EFFECT OF BULKHEAD SPACING 

Table 1 compares the measured stresses obtained from the original-length model (EC-1) 

and a half-length model (EC-1B). The circumferential flange stresses and the Hencky-Von 

Mises shell stresses (midbay) given in Table 1 for the major and minor axes of both models 

represent average values determined from strain gages located at similar locations. It can be 

seen that the Hencky-Von Mises shell stresses near the region of the major axis and the 

flange stresses were appreciably reduced by closing the distance between rigid bulkheads. 

Figures 15 and 16 compare both the circumferential and longitudinal stresses for a quadrant 

of the shell at midbay of Models EC-1 and EC-1B. The abscissa 6@ in these figures is the 

angle which a normal to the median surface of its shell in Figure 1 makes with the major axis. 

It can be seen from Figures 15 and 16 that the shell stresses measured on Model EC-1B were 

appreciably influenced by the rigid closure bulkheads. 

EFFECT OF MISSILE TUBES 

Table 2 compares the measured stresses obtained from the oval cylinder with missile 

tubes (EC-1A) and a similar cylinder without missile tubes (EC-1B). Stresses given for 

Model EC-1A are those away from the region of the missile-tube penetrations. It can be seen 

that the ‘‘strut’’ action afforded by the tubes reduced the overall stresses of the oval cylinder 

considerably. 

The highest stresses measured on Model EC-1A were not those shown in Table 2. 

Higher stresses were measured on the inside surface of the shell at the intersection of the 

center tube; a principal-stress value of -71.9 psi/psi was determined from strain gages 

located in this region. Another area of high stress was that measured on the missile tubes 

away from the shell intersection; an axial stress of -63.3 psi/psi was measured on the center 

tube. It is interesting to note that neither of these stresses was as high as the highest 

measured stresses which were found on the frame flange of the original model (KC-1); see 

Table 1. 



The axial compressive stresses of -63.3 psi/psi measured at midlength of the missile 

tubes were slightly above the yield strength of the material when the tubes failed. Such high 

stresses have not been previously observed in the missile tubes of circular pressure hulls 

and can be attributed to the resistance of the tubes to a tendency of the oval cylinder to be- 

come more elliptical under loading. It appears that for a tube arrangement such as that used 

in Model EC-1A, thicker walled tubes are required for an oval cylinder than for an equivalent 

circular cylinder of the same radius of curvature. 

COMPARISON OF MEASURED STRESSES WITH THEORY 

The solid-line curves for the stress sensitivities shown in Figures 17 to 26 were taken 

from Reference 8 and represent the results of using the local thickness of the ring-stiffened 

oval cylinder of Figure 1 in the theoretical solution obtained for an oval shell of uniform 

thickness. The work done by Polytechnic Institute of Brooklyn, which led to the analytical 

results shown in their figures, was discussed in a previous section of this report. The experi- 

mental points appearing in the figures were obtained from strain-gage measurements during the 

test of Model EC-1. The dashed curves shown in Figures 17 to 23 represent the stress distri- 

bution based on using the local radius of curvature and shell thickness of the oval cross section 

in the analysis of Von Sanden and Gunther? for a ring-stiffened circular cylinder. This type 

of approximate solution has been shown in References 3 and 5 to yield good results for simply 

and clamped supported short oval cylinders. However, as has been indicated in Reference 5 

and from an inspection of these figures, an equivalent circular cylinder solution based on the 

local radius of curvature concept will not yield good results for the deformations and stresses 

of an oval cylinder stiffened by elastic rings. 

Figures 17 and 18 are plots of the circumferential and longitudinal stress distributions 

along the outside and inside surfaces of the shell at the major axis. Figures 19 and 20 are 

corresponding plots at the minor axis. Figures 21 and 22 show the midbay stresses for a 

quadrant of the oval shell; Figure 23 shows the circumferential flange stresses in the ring. 

The abscissa @ in these latter figures is the angle which the local normal to the median sur- 

face of the shell makes with the major axis. 

The solid curves in Figures 17 to 23, which are based on the solution developed by 

Polytechnic Institute of Brooklyn in which the local shell thickness was used, show excellent 

agreement with the measured circumferential stresses og. The theoretical longitudinal stresses 

o,, (shown in Figures 17 to 22) differ from the test results by a translation in which the theo- 

retical stresses are too low at the major axis and too high at the minor axis. Figures 24 to 

26 isolate the discrepancy between the theoretical and measured stresses o,. In these latter 

figures, the stresses o, have been separated into membrane and bending components by 

the following relationships: 
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It can be seen from Figures 24 to 26 that the theoretical values for alba agree well with 

the measured values and that the discrepancy between theoretical and measured stresses o, 

is due to the theoretical values for (CaS Their poor agreement is attributed to the 

use of two different local shell thicknesses (see Figure 1) in a solution for an oval cylinder 

of uniform thickness subjected to hydrostatic pressure. The results of such a calculation 

lead to two different axial contractions, with the thinner shell contracting more than the 

thicker shell. If it is assumed that both portions of the shell contract the same (as may be 

the case for the models tested) and that the net end load does not change, then relative to 

the calculated contractions, the thinner shell would have to be stretched and the thicker shell 

compressed. This would increase the axial membrane stress in the thin shell and decrease 

(algebraically) the corresponding stress in the thick shell. Such a correction would shift the 

theoretical curves for o, toward the experimental results. 

COLLAPSE PRESSURES 

It was found from previous hydrostatic tests!° of ring-stiffened circular cylinders which 

failed by axisymmetric yielding that experimental collapse pressures agreed best with theory 

based on the Hencky-Von Mises criterion of failure and allowing for the plastic reserve 

strength after initiation of yielding. Collapse pressures computed from the Model Basin 

plastic hinge theory! applied very well with circular cylinders fabricated from steels exhibit- 

ing a plateau-type stress-strain curve. Based on the local radius of curvature for the oval 

cylinder shown in Figure 1, plastic-hinge collapse pressures of 2356 and 3049 psi were com- 

puted for the large and small radial section of the model, respectively. Comparison of these 

pressures with the experimental collapse pressure of 1670 psi for Model EC-1B shows that 

the strength of the oval cylinder tested is lower than a comparable circular cylinder of the 

same dimensions and radius of curvature. 

Another interesting point worthy of mentioning is the fact that an oval cylinder has less 

enclosed volume than a circular cylinder of equal peripheral length. By virtue of this fact, the 

ratio of weight of pressure hull to weight of displaced water of the hull is very high for 

Model EC-1. A weight-displacement ratio of 0.598 was computed for this model. Based on 

least-weight calculations, a circular cylinder with the same weight-displacement ratio and 

fabricated from HY-100 steel would have a collapse pressure on the order of 4000 psi. This 

can be compared with the collapse pressure of Model EC-1B which was only 1670 psi. Thus, 

on a strength-weight/displacement basis, the test of Model EC-1B lends further evidence that 

a ring-stiffened oval cylinder with a major to minor axis ratio of 1.5 is a very inefficient 

structure when compared to a circular cylinder. 

of 



CONCLUSIONS 

1. Test results indicate that the stresses and deformations of an oval cylinder stiffened 

by elastic rings cannot be predicted by an equivalent circular cylinder solution based on the 

same radius of curvature. 

2. Based on the following results, it appears that a ring-stiffened oval cylinder designed 

for deep-depth operation is a very inefficient structure when compared with a ring-stiffened 

circular cylinder: 

a. Plastic hinge collapse pressures of 2356 and 3049 psi were computed for the 

large-radius and small-radius sections of the oval cylinder, respectively. These 

pressures were computed by considering an equivalent circular cylinder with the 

same local radius of ctrvature as the oval cylinder which had a collapse pressure 

of only 1670 psi. 

b. The weight-displacement ratio of the oval cylinder was 0.598. Based on 

least-weight calculations, a circular cylinder with the same weight-displacement 

ratio and fabricated from the same material (HY-100 steel) would have a collapse 

pressure on the order of 4000 psi as compared to the collapse pressure of 1670 psi 

for the model. 

8. Additional studies, based on theoretical knowledge now available, may indicate that 

for shallow-depth operation the oval cylinder may lend itself to a better distribution of cargo, 

equipment, machinery, and personnel and may accommodate more missile tubes than a ring- 

stiffened circular cylinder. 

4. Test results indicate that the theoretical solution recently developed at Polytechnic 

Institute of Brooklyn will yield good predictions for the deformations and stresses of ring- 

stiffened oval cylinders with uniform shel! thickness. 

5. In the ring-stiffened oval cylinder tested, critical stresses were reduced as much as 

50 percent by incorporating tubes parallel to the minor axis of the oval cross section. How- 

ever, thicker walled tubes would be required for the oval cylinder than for an equivalent 

circular cylinder of the same radius of curvature and dimensions. 
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TABLE 1 

Comparison of Measured Stresses to Show Influence of Bulkhead Spacing 

Stress Sensitivities Stress 

psi/psi Ratio 
Locations 

Frame Flange — Major Axis : —96.30 

— Minor Axis + 86.10 + 41.40 

Midbay — Major Axis — Inside 85.12 62.40 1.36 

— Outside : 42.95 1.23 

Midbay — Minor Axis — Inside ; 42.23 1.09 

_ Outside 63. 62.99 

TABLE 2 

Comparison of Measured Stresses to Show Influence of Missile Tubes 

Stress Sensitivities Stress 

psi/psi Ratio 

Model EC-1B | Model EC-1A} EC-1B 

(Without Tubes) | (With Tubes) | EC- ECIA 

Frame Flange — Major Axis — 96.30 —37.80 | 2.55 | 

Midbay — Major Axis — Inside 62.40 30.00 | 2.08 | 
~ Outside 42.95 43.42 — 

Midbay — Minor Axis — Inside 42.23 29.26 

Locations 

31 
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